Introduction
Phospholipases AI and A 2 liberate fatty acids from the alpha-or beta-position of various phospholipids such äs phosphatidylcholine or phosphatidyl-ethanolamine. During experimental pancreatitis, the actrv> ties of both eiizymes are elevated in blood serum (1) . Especially the release of active phospholipase A 2 into the circulation seems to be associated with severe complications of pancreatic diseases (2, 3) . Since this enzyme is able to split cellular and extracellular phospholipids, it may destroy essential organ structures and form cytptöxic lysocompounds. Furthermore, the liberation of polyunsaturäted fatty acids, e. g. arachidonic acid, may lead to formation of highly active eicosanoid compounds.
We have developed a photometric method for the determination of phospholipase A äs quantified by . the overall-liberation of long-chain fatty acids from soy-bean phosphatidylcholine. In the present paper, this new method is described in detail. Preliminary results have been published previously (4).
Materials and Methods
The föllowing reagents and enzymes were used in this study:
Soy-bean phosphatidylcholine (batch no. 0835674), Roth, Karlsruhe. Phospholipase A 2 from porcine pancreas, Boehringer, Mannheim. Triton X-100, Sigma, St. Louis, USA.
Test kit for the enzymatic determination of fatty acids, Wako Chemicals, Osaka, Japan, including reagents and an oleic acid Standard. All other reagents were from Merck, Dannstadt.
A Substrate emulsion, containing phosphatidylcholine, buffer, and activators was produced using a similar method to that described by Shakir (5): Soy-bean phospatidylcholine (0.3 g) is dissolved in 15 ml chlorofonn/methanol (v/v ==2 + 1) and 21 ml diluted Triton -00 (5 g/l) is added. The organic solvent is removed at 37 °C by vigorous shaking on a whirl-mix under a stream of nitrogen until the milky emulsion becomes opalescent (5 to 10 min). The resulting emulsion is stable for at least one week at 4 °C. For preparation of the incubation mixture, the emulsion is diluted at room temperature with an equal volume (21 ml) of an appropriate buffer (see results section) containing sodium deoxycholate (2 mmol/1). CaCl 2 (340 mmol/1) (0.5 ml) is added to give a final concentration of 4 mmol/1.
A partially purified phospholipase prcparation was obtained from autopsic human pancreas using the first two Steps (heat treatment at acid pH and ammonium sulphate fractionation) of the method described by Eskola et al. (6) . Enzyme-containing sample (0.1 ml) is incubated with l ml phosphatidylcholine emulsion at 37 °C. At defmed time intervais, 0.2 ml aliquots of this mixture are transferred to a new test tube containing 0.2 ml of a stop-reagent (0.05 mol/1 phosphate buffer, pH 5.5 and 6 mmol/1 EDTA). Subsequently, fatty acids are determined using the NEFA-test kit according to the manufacturers instructions, with an altered sample-reagent-ratio (0.04 ml sample, 0.25 ml reagent A, 0.50 ml reagent B).
l Unit (U) was defmed s the liberation of l μιηοΐ fatty acid per min. In order to detect the low phospholipase A activities present in normal human sera (see results section), fatty acid liberation was followed over l h of incubation. The absorbance values (A) were converted into units by the formula 1 
Results

Evaluation of Optimal Assay Conditions
Porcine and human enzymes were incubated in the substrate emulsion in order to evaluate optimal test conditions. Since fatty acid liberation was taken s a measure of phospholipase A activity, the oleic acid Standard was used for calibration. An average molar lineic absorbance of 1540 m 2 /mol was determined at 546 nm. As shown in tablel, oleic acid added to substrate emulsions at different concentrations was almost completely recovered.
The pH-dependency of phospholipase A activity was tested with TRIS/HC1, TRIS/maleate, sodium phosphate, and sodium acetate (for preparation of buffers see I.e. (7)), covering the r nge from pH 5.5-10 (% 1).
Tab. l. Recovery of oleic acid added to the phosphatidylcholine emulsion.
Oleic acid (mmol/1) The pH-optimum was found to be around 8.0 for the porcine and at 6.5 for the human enzyme using 0.1 mol/1 TRIS/HC1 and TRIS/maleate buffer ( fig. 1 ). Low activities were obtained with equimolar phosphate and citrate buffers. When 0.1 mol/1 TRISmaleate buffer, pH 6.5 was used instead of TRIS/ HC1 the activity of the human enzyme was about 20 percent higher and that of the porcine enzyme was reduced to about one third. Increasing TRIS/maleate concentrations up to 0.4 mol/1 reduced the measurable activity of both enzymes considerably, whereas reductipn of buffer concentration had little effect ( fig.  2 ). With TRIS/HC1 buffer no such concentration dependence was evident.
The optimal concentration of deoxycholate was attained at l mmol/1. Under these conditions, addition of CaCl 2 up to 6 mmol/1 did not greatly influence the catalytic activity, probably due to the presence of Spontaneous hydrolysis of phosphatidylcholine emulsion was neglegible ("blank activity" = 0 to 3 U/l). Within-run and day-to-day precisions were between 4 and 10 percent respectively (tab. 2).
Tab. 2. Within-run and day-to-day precision (n = 5) of the phospholipase assay. A human pool serum was stocked with purified porcine phospholipase A 2 and stored frozen at -20 °C in 0.1 ml aliquots. As a prelininary recommendation, the following reaction mixture was chosen for the measurement of porcine s well s human phospholipase A:
7.9 mmol/1 phosphatidylcholine, 125 mmol/1 TRIS/ HCI, pH 8.0, l mmol/1 deoxycholate, 4 mmol/1 calcium Chloride, 2.5 g/l Triton X-100.
Analytical properties
The assay was linear for at least l hour ( fig. 4 ) if the maximal difference of absorbance did not exceed 0.15. This corfesponds to a liberation of up to 0.4 mmol/1 fatty acids in the assay mixture. The activity concentration measured at pH 8.0 in fasting sera of healthy volunteers was low (5.8 ± 2.9 U/l, median = 6 U/l, n = 14). Preliminary experiments with sera from pancreatitis patients revealed catalytic concentrations between 0 and 110 U/l. There was no significant correlation with lipase or amylase catalytic activity ( fig. 5) .
A typical example is given in figure 6 : enzyme activities were measured in a 44 year old man who was hospitalized because of an attack of acute necrotizing pancreatitis. Despite surgical interventions on the l st , 18 th , and 46 Λ day and intensive pharmacotherapy he died after 11 weeks of hospitalization. Amylase and lipase activities were highest at the beginning of the disease and feil to normal values later, while phospholipase A remained elevated throughout the time of hospitalization. , and amylase (x-x) in the serum of a patient who died from an attack of acute nccrotizing pancreatitis 11 weeks after admission to the hospital. Relative activities are expressed in terms of the respective upper limit of the normal ränge (dotted line) for better comparability.
Discussion
The measurement of phospholipase. A activities in human sera has been hampered so far by the lack of suitable routine methods. Most published procedures are time-consuming and laborious or need special equipment and uncommon reagents. Relatively simple titrimetric assays (8) are not sensitive enough for serum analyses unless incubation times of up to 18 hours are applied (9).
This paper describes a photometric assay äs an alternative. The new assay uses only commercially available reagents and normal laboratory equipment. It is sensitive enough to distinguish between normal (up to 10 U/l) and elevated activities (up to about 130 U/l). It must be noted that the analytical imprecision is relatively high (tab. 2) due to low measuring Signals. Duplicate analyses are therefore recommended.
The test conditions which were elaborated for the new assay are similar to those described by other authors for pancreatic and "postheparin-"phosphohpase A (5, 8, 10) . Lysosomal leukocyte phospholipase A 2 seems to be active at acid pH (11) . The activities of about 0-10 U/l, which were found in normal human sera, are higher than those reported by others. Vogel & Zieve (9) obtained a normal ränge around l U/l using a titrimetric method. The mean normal values of Miwa et al. (12) and Thuren et al (13) were even below 0.1 U/l äs measured with an isotopic and a fluorometric assay. These differences are most probably due to differences in the physicochemical properties of phospholipid Substrates used. Moreover, very different pH-values ranging from pH 5 (13) to pH 9 (6, 14) have been found to be optimal for the action of human pancreatic phospholipase A 2 . Further studies will be needed to clarify this discrepancy. The test conditipns given here are suitable for the measurement of auman äs well äs porcine phospholipase A. This is useful, since commercial enzyme preparations are often of porcine origin, and the pig is a widely used animal model for experimental pancreatitis.
In the literature, there are some contradictory reports äs to whether serum phospholipase A activities parallel those of lipase and amylase (15) or not (13, 16) . Our data ((17), this paper) indicate that phospholipase A does not necessarily behave in the same manner äs other pancreatic enzymes. It is interesting that the serum concentrations of the enzyme protein of phospholipase A 2 , äs measured by immunological assays, usually parallel the activities of amylase in cases of acute pancreatitis and pancreatic cancer (18) . Since these determination methods do not distinguish between active phospholipase and its inactive proenzyme (14, 18) , the following working hypothesis may be established: In a variety of diseases where pancreatic enzymes are released into the blood stream, the enzyme pattern in serum resembles that of the non-injured pancreas, i. e. amylase and lipase are found at high catalytic concentrations, while phospholipase A 2 is predominant äs inactive proenzyme. In severe cases, characterized by activation of proenzymes (2, 3) , the total proportion of phospholipase protein may rise less mä'rkedly than its active form. Furthermore, phospholipases of non-pancreatic origin (11, 19) may interfere with either method due to common immunological and catalytic properties. Several clinical studies are presently in progress to investigate in more detail the postulated importance and prognostic potency (2, 3, 19) of phospholipase A activity in serum.
